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Prenatal screening for Down syndrome affects millions of pregnancies every year worldwide. The vast majority of screen-positive results are false, yet encourage invasive diagnostic procedures that pose additional risks to unborn babies. As a direct consequence many babies who do not have Down syndrome are lost. We estimate that current screening practice in England and Wales reduces annual live births of babies with Down syndrome by around 660 and leads to the losses of 400 babies without Down syndrome. Although prenatal diagnoses are becoming more frequent, more babies with Down syndrome are being born (up 25% over 15 years). Considerable attention has been given to studying the performance of competing screening techniques, yet relatively little attention has been given to the consequences for the psychological and physical wellbeing of all parents and their babies. Meanwhile, quality of life for people with Down syndrome continues to improve. In many countries, people with Down syndrome are living longer and achieving more than ever before. The authors urge policymakers to note that the live birth prevalence of Down syndrome continues to rise and that average life expectancy is now approaching 60 years. Accordingly, research and practice priorities should shift from prevention to improving care, education and support for a growing and ageing population. We suggest that policies permitting genetic screening for mental or physical abilities should be reviewed through wide public debate before new prenatal diagnosis and genome sequencing technologies become more readily available.
The American College of Obstetricians and Gynecologists is recommending that all pregnant women in the USA be offered prenatal screening before 20 weeks [1] with a preference for first trimester screening [2] . Earlier this year, the UK National Institute for Health and Clinical Excellence (NICE) recommended that all women be offered the first trimester combined test, including an ultrasound examination and blood tests (News, p.89; REF 3). In Scotland, it has recently been announced that the combined test will be made available to all pregnant women by March 2011.
Prenatal screening aims to provide estimates of the chances that particular pregnancies are affected by Down syndrome to assist parents in making choices about diagnostic procedures that carry risks for their unborn babies. The process therefore involves the difficult reconciliation of uncertainties about potential outcomes in the context of personal values [4] . Most research to date examines the accuracy of the estimates derived from competing screening methodologies [3] . There has been comparatively little research that examines the extent to which these processes assist informed decision making in practice and how they affect the overall wellbeing of parents and their children [3, 4] . Less research has examined the quality of life as experienced by people with Down syndrome and the extent to which the additional challenges they face are necessary consequences of their condition [4] [5] [6] . In this issue we publish a mother's personal account of her experiences of modern prenatal screening practices and some of their consequences for today's parents (Essay, p.118). These experiences do not appear to be unusual. The UK National Institute for Health and Clinical Excellence's recently updated review concluded that there is "high quality evidence to indicate that pregnant women do not have sufficient knowledge to make the informed decisions that need to be made regarding Down's syndrome screening" [3] . Some healthcare professionals appear to misunderstand screening test results [7] so it may not be surprising that many pregnant women "find the concept of risk calculation particularly difficult to understand" [3] . Counselling may be unduly negative about the likely quality of life for people with Down syndrome [8] . Reports from mothers of children with Down syndrome in Spain and the USA suggest widespread failings in the care and support offered those receiving a diagnosis of Down syndrome [9] [10] [11] . Current screening practice may also be adversely affecting maternal bonding [3, 12] ,
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causing anxiety to mothers that is detrimental to their babies' development [13, 14] and leading to undesirable psychological consequences for some couples choosing selective terminations [15] . These adverse effects of prenatal screening have not been investigated as rigorously as competing screening techniques [3] . The human and economic costs of screening are often contrasted against the 'burden' and 'distress' caused to families by the presence of a child with Down syndrome [4] . Yet, studies of families with children with Down syndrome have found that most cope well and report benefits as well as challenges associated with having a child with Down syndrome [16] . Studies also find positive effects for many brothers and sisters growing up with a sibling with Down syndrome [16, 17] . Prenatal screening offers a large annual market for suppliers of tests and associated services. Currently, Down syndrome would affect an estimated 1 in 500 live births in England and Wales in the absence of screening. However, the potential market for screening tests includes all of the approximately 700,000 annual pregnancies in England and Wales. Many of the biochemical markers used in screening are the subject of patents. Concerns have been noted about the roles of individuals in screening research and policy formulation holding such patents or having interests in organisations providing screening related services and software [4, 18, 19] . [4] So what are the facts about current screening practices?
Prenatal screening in theory
Maternal age is a clear predictor of the risk of delivering a baby who has Down syndrome [20] ( FiguRE 1 ). Historically, invasive diagnostics were offered to mothers aged over 35 years [21] for whom maternal age alone indicated that the chance of delivering a baby with Down syndrome to be greater than 1 in 350. For these mothers, the chance of delivering a baby with Down syndrome may be similar to the risk of losing an unaffected baby as a result of the diagnostic procedure. The 'rationale' to this approach was that as long as the chance of giving birth to a baby with Down syndrome is near to or greater than the risk of losing an unaffected baby, then an invasive diagnostic procedure is 'worthwhile'.
In the 1980s, it was discovered that the levels of certain substances present in mothers' blood often differed between mothers carrying unborn babies with and without Down syndrome. This led to efforts to improve on screening based on maternal age alone by analysing the presence of these 'markers' in mothers' blood samples [21] . Since then, various combinations of markers have been advocated, increasingly in combination with ultrasound measurements, to improve the accuracy of screening of pregnancies affected by Down syndrome [3, 22, 23] . By definition, screening tests estimate the chance of having a baby with Down syndrome. These estimates are categorised into 'screen-positive' (high risk) and 'screen-negative' (low risk) results to guide decisions about invasive diagnostic Mothers receiving screen-positive results are encouraged to consider invasive diagnostic testing. As these procedures risk the loss of the pregnancy, screening policies aim to minimise false screen-positives. At the same time, they seek to maximise detection rates. The 'risk cut-off' chosen to distinguish between screen-positives and screennegatives is therefore an essentially arbitrary choice of where to balance detection rates and false positive rates (FiguRE 3a) . A higher risk cut-off reduces false screenpositives but also reduces the detection rate (and vice versa), influencing both the number of affected babies born and unaffected babies lost (FiguRE 3b ). This model holds given a fixed proportion of women choosing invasive diagnosis following a screen-positive test result irrespective of individual estimated risk. In practice, women who have chosen prenatal screening may be more inclined to opt for invasive diagnosis when given a higher estimate of risk [25] .
Distinguishing between detection and prevention
The presence of an unusual number of chromosomes is surprisingly common among human conceptions -affecting perhaps 20% of all fertilised eggs [26] . Many fail to survive during the early weeks of pregnancy. Pregnancies affected by Down syndrome are substantially more likely to miscarry naturally than unaffected pregnancies. Studies have reported differing estimates of the rates of pregnancy loss. A summary estimate suggests that 43% of babies diagnosed with Down syndrome at around 11 to 13 weeks gestation and around 23% of those diagnosed at around 16 to 18 weeks naturally fail to survive to live birth [27] . Loss rates appear to be higher among older mothers [28] . It is difficult to establish precise figures in the absence of studies including a large population of prenatally diagnosed pregnancies with complete follow-up. It seems probable that miscarriages are more often underreported than terminations or live births. Pregnancies affected by Down syndrome that are not prenatally detected (false screen-negatives) and do not result in a live birth are also not included and represent another source of bias in comparisons of prevalence at different gestations and live births (and in the calculation of published detection rates).
The natural loss rate means that prenatal detection and termination is not the same as live birth prevention (as many of those terminated would not have survived if left alone). The natural loss rate also means that screening earlier in pregnancy (for example, by adopting the first-trimester combined test) will detect proportionally more affected pregnancies that would not have naturally survived, therefore substituting terminations for miscarriages in many cases. 
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Estimating risks to unborn babies
The best available evidence suggests that the risk of pregnancy loss due to amniocentesis is 1% [29] [30] [31] [32] [33] and that loss due to firsttrimester chorionic villus sampling (CVS) is 2% [33, 34] . There are wide variations in the rates of complications observed following both ultrasound guided amniocentesis and CVS [30] . Studies have observed loss rates following amniocentesis that are 6 to 8 times higher among less experienced practitioners than among experienced practitioners [31] . Given the uncertainty about the precise safety of amniocentesis and CVS, the authors find it surprising that only the outcomes of pregnancies diagnosed with Down syndrome are systematically recorded in England and Wales. A public audit of outcomes for all pregnancies following invasive diagnostic procedures would give a clearer picture of overall loss rates among unaffected pregnancies and would identify variations in performance.
Policies leading to increased first-trimester screening (and therefore diagnosis by CVS) [2, 3] may substantially increase the numbers of unaffected babies lost (without corresponding reductions in the false positive rate).
Performance in practice
Many published studies of competing screening technologies model the effects of differing risk cut-offs. Modelling may or may not be representative of performance in practice. For example, the predicted performance of quadruple test screening shown in FiguRE 3 at a risk cut-off of ≥1 in 300 was an 86% detection rate for a 6.6% false positive rate [22] . By contrast an audit of quadruple test performance in 14 UK hospitals observed an 81% detection rate and for a 7% false positive rate, given a risk cut-off of ≥1 in 300 [35] . These modest differences equate to 2 additional unaffected babies lost and 5 fewer affected live births prevented for every 100,000 pregnancies screened. Other studies also illustrate how outcomes in practice may differ from some models [36, 37] .
In the UK and many parts of Europe, prenatal screening has been offered to most women, regardless of age, for the past decade [38] [39] [40] . In England and Wales, prenatal screening has been available since the end of the 1980s. The National Down Syndrome Cytogenetic Register (NDSCR) has maintained records of diagnoses and pregnancy outcomes since 1 January 1989 and has recently published data for 2006 [REF 39] . We have analysed the data recorded by the NDSCR to estimate the performance of prenatal screening policies in England and Wales for the fifteen years from 1992 to 2006 (TablE 1) . NDSCR records data for all pregnancies diagnosed with Down syndrome prenatally and at birth in England and Wales [39] . We apportioned unknown outcomes in line with known outcomes to provide a complete estimate of live births, miscarriages/stillbirths and terminations. We then estimated the number of live births prevented by subtracting predicted natural losses from the pregnancies that were terminated (assuming natural foetal [39] ; records of all live births are from the uK Office for National Statistics 
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loss rates of 43% and 23% for pregnancies diagnosed by CVS and amniocentesis, respectively [27] ). Records of outcomes for pregnancies screened positive and diagnosed without Down syndrome (false positives) are not maintained. We therefore estimated unaffected losses by assuming 45 losses for every 100 (1:2.2) prenatally diagnosed pregnancies with Down syndrome diagnosed by serum testing and/or ultrasound, and assuming 143 unaffected losses for every 100 (1:0.7) prenatal diagnoses predicted by maternal age alone. To allow for a possible improvement in practice due to increased use of the combined test in recent years, we assume that between 2001 and 2006, unaffected losses decrease to 31 for every 100 (1:3.2) prenatally diagnosed pregnancies with Down syndrome diagnosed by serum testing and/or ultrasound. These assumptions were derived from the detection and false positive rates observed using quadruple screening in practice in 14 UK hospitals (46,000 pregnancies; 88 with Down syndrome) and the predicted performance of maternal age screening from the same study [35] , and from rates observed for combined screening in a study involving 15 US centres (36,000 pregnancies; 92 with Down syndrome) [41] . In estimating these losses, we have assumed a loss rate of 1% as a consequence of diagnosis by either CVS or amniocentesis. We concede that it is difficult to be confident about how accurately these assumptions reflect actual practice during the period examined. Data about the precise screening tests used and maternal choices following screen-positive test results have not been recorded (although the NDSCR has recently begun to collect data about screening tests). We have assumed rates observed in practice for the best performing (quadruple) blood test. For much of the period analysed, the double and triple tests were used widely and these are poorer performing [22] . Ultrasound screening without blood markers also perform worse than quadruple screening [22] . It is conceivable that actual performance could be closer to that predicted by some modelling studies, though evidence seems to suggest that this is unlikely in practice [35] [36] [37] . We have been cautious about overestimating the losses of unaffected babies and assumed 1% loss rates for both amniocentesis and CVS. If, in practice, CVS is associated with an additional 1% risk, then we would estimate recent losses of babies without Down syndrome to be around 50% higher in recent years (around 600 annually).
With these caveats in mind, the following observations can be made. Firstly, although public health policies promote prenatal screening to support selective termination, more children with Down syndrome are being born than 15 years ago and live birth prevalence has risen (FiguRE 4) . Over this period, screening policies have reduced live births by an estimated 44% (from 16,985 in the absence of intervention to 9,525). Parents might have made different choices in the absence of screening, but it is nonetheless interesting to note that choices to raise families later in life have increased expected live birth prevalence [42] (in the absence of intervention) by an estimated 50% (from 14.0 to 21.8 in 10,000) between 1992 and 2006. We conclude that current screening policies appear to be reducing the live births of babies with Down syndrome in England and Wales each year by around 660 and leading to the losses of 400 babies who did not have Down syndrome. Adopting firsttrimester combined screening (as recommended by the UK National Institute for Health and Clinical Excellence and the American College of Obstetricians and Gynecologists and recently adopted in Scotland) will lead to the detection of more babies with Down syndrome who would not naturally survive to term. If the excess loss rate following CVS is higher than that following amniocentesis in practice, then adopting first-trimester combined screening may increase the number of babies without Down syndrome lost.
Rightful lives
Quality of life for most people with Down syndrome in many wealthy nations has improved dramatically over the past 40 455) . This would be similar to recent live birth prevalence rates reported in ireland (where termination is illegal) [62] . 
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years. The additional chromosome is still there, but the support provided them by their communities has changed. Their medical needs are mostly well understood [43] [44] [45] [46] . Knowledgeable medical care has raised average life expectancy for people with Down syndrome born in many developed countries today to 60 years (up from 12 years in 1949) and increasing numbers now live beyond 70 years [47] [48] [49] [50] . More young people with Down syndrome are gaining access to effective education and therapies and achieving better levels of literacy and improved communication skills [51] . More adults with Down syndrome are gaining useful and rewarding employment and exercising greater control over their lives. There is much still to do and for an important minority significant additional challenges remain, but the progress people with Down syndrome have made is remarkable.
Predicting quality of life
Knowing that someone has 47 chromosomes rather than 46 does not enable precise prediction of quality of life. Some babies with Down syndrome are born with congenital heart defects (around 44%) and many are not [52] , some adults develop dementia (9% up to the age of 49 years, 18% of those aged 50-54, and 35% of those aged 55-59) and many do not [50] , some children experience fewer learning difficulties and some more -the chromosome count remains the same. By contrast, Down syndrome appears to offer protection against some cancers [53] and cardiovascular disease [54] . Some people with Down syndrome find employment as film and TV actors, write books, and become competent musicians and talented athletes. However, some people with Down syndrome find obtaining employment difficult and some will only be able to fulfil less skilled roles in work. People with Down syndrome make positive contributions to family and community life and often form loving and caring relationships. They are very rarely antisocial, violent or criminal.
Whose quality of life?
As far as we are aware, no large study of the views of people living with Down syndrome about their quality of life has been conducted. Anecdotally, people with Down syndrome do not appear to consider their condition a source of suffering [55, 56] . Much of what effects quality of life for people with Down syndrome perhaps results from society's behaviour towards them rather than necessarily the condition itself.
Should screening continue?
The authors of this editorial do not consider a diagnosis of Down syndrome to be a sufficient reason to justify termination and so disagree with the basic premise for prenatal screening for Down syndrome. Harming babies who do not have Down syndrome in the process seems to us unjustifiable. And we are not alone in our ethical concerns. A survey of 40 randomly selected research ethics committees found that 86% of 77 committee members responding from 28 committees did not consider current screening practice (and associated risks) ethically acceptable in order to avoid the birth of a person with the clinical features associated with Down syndrome [57] .
The future
Public health policies do not currently target most other genetic causes of learning difficulties or treatable medical conditions for selective termination. A race is on to reliably extract foetal DNA from maternal blood samples [58, 59] . Meanwhile, another race is heading towards reducing the costs of whole genome sequencing to under $1,000 [REF 60] . When these two races collide, it will be possible to provide expectant couples with a comprehensive report of thousands of risk factors for a myriad of possible outcomes in life that may (or may not) influence quality of life [61] .
"Once fetal DNA can be non-invasively obtained, screening practices will be able to generate a massive amount of information of uncertain importance. These data might cause more harm than good..." [61] Faced with choices between (say) estimated risks for autism and for dementia, how will couples make informed choices? How many pregnancies will couples be expected to 'reject' in their efforts to deliver the 'best' baby possible? What effect will these practices have on the people who 'slip through the net' and are born with 'undesirable' attributes?
Prenatal screening for Down syndrome was introduced with inadequate public and political debate 20 years ago. When widespread prenatal whole genome screening becomes a possibility, many of the troubling issues raised by our experiences of screening for Down syndrome will be brought into sharper focus. The technology may be with us within 5 years. The authors believe that wider public debate should begin now.
To contribute to this debate, this journal would welcome correspondence, reports, reviews, opinion and essays on all aspects of genetic screening in the context of modern opportunities for people with Down syndrome.
The views expressed in this editorial are those of the authors and may not necessarily reflect those of individual members of the Editorial Board.
